About 40% of children with cystic fibrosis (CF) eventually develop abnormalities of liver function, and between 2 and 20 % have been reported as having clinically significant chronic liver disease. '-4 The pathogenesis of such liver disease is unknown, although one important factor is primary biliary obstruction by viscid mucus." Some immunological abnormalities have been demonstrated in patients with CF-such as immediate skin hypersensitivity reactions to a wide variety of allergens, raised serum IgE, precipitating antibodies to bacterial and fungal antigens, and allergens in the sputum,7-8 immune complexes in serum and sputum,9 antinuclear factors,'0 and lymphocyte sensitisation against antigens, in homogenates of pancreas and lung." Since immune reactions against liver antigens may underlie the progressive liver damage in other forms of chronic liver disease in children,'2 and in adults,'115 we have studied, using similar test systems, children with CF with or without apparent liver disease. These systems comprised lymphocyte cytotoxicity to isolated hepatocytes and leucocyte migration inhibition in response to a liver membrane protein, liver-specific lipoprotein (LSP), one of the target antigens known to be affected in liverdirected cytotoxicity in chronic active hepatitis.
Patients and methods
The children with CF participating in this study were attending outpatient clinics at King's College Hospital, The Hospital for Sick Children, and Sydenham Children's Hospital. Their parents had agreed to further investigations being performed after they had been given full explanations of the tests.
Liver disease was considered to be present when at least two of the following parameters were abnormal: liver palpable more than 4 cm below the costal margin, spleen palpable more than 1 cm below the costal margin, aspartate transaminase (AST), gamma glutamyl transpeptidase (gamma GT), and alkaline phosphatase levels above upper limits of normal for the laboratory (40 IU/1, 45 IU/1, and 260 IU/I respectively). Such clinical and biochemical evidence of liver disease was present in 14 of the 45 patients (Table) . The mean age of the whole group was 9*9 (range [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] years, but those with liver disease tended to be older, there being an increase in the prevalence of liver disease with increasing age (P<0*01, Wilcoxon Rank test). There was no difference in the sex ratio between those with and those without liver disease. All but 2 of the children 696 The leucocyte migration test was performed in 25 of the children with CF, 13 boys and 12 girls, mean age 10 (range 2-18) years, and in 12 control children, 8 boys and 4 girls, mean age 6 7 (range 2-11) years; 11 out of the 25 children in whom the leucocyte migration test was carried out had liver disease and their mean age was 11 *7 years.
Cytotoxicity to isolated rabbit hepatocytes.
Preparation of lymphocytes
Lymphocyte-rich plasma was obtained from 10 The nonrosetted T-cells were collected after centrifugation over a Ficoll/Triosil density gradient. In a similar way, a non-T-cell-enriched subpopulation was obtained by rosetting the T-lymphocytes by Ficoll/Triosil centrifugation. Purity of the enriched population of lymphocytes was checked by rosetting with both E-and EAC-cells21 and by counting the percentage of T-and non-T-lymphocytes. T-cellenriched fractions were contaminated with 3, 1, 4, 6, and 3% of non-T cells and non-T-cell-enriched fractions with 5, 16, 10, 6, and 7 % of T-cells.
Microcytotoxicity assay
The methods used were those described previously13 except that only collagenase was used in the enzyme solution and amphotericin B was added to the culture medium in addition to the existing antibiotics. Isolated hepatocytes were prepared from a freshly-killed adult New Zealand white rabbit incubating 1-2 mm cubes of liver for 16 (2 SDs below the mean value in the control subjects) was evident in 9 out of 11 children with liver disease, but in only 5 out of 14 children without evidence of liver disease (X2 = 5x3; P < 0x025. Fig. 1 ). The 9 children with liver disease and significant inhibition of migration included 4 of the 5 children with abnormal liver histology. The 1 child with abnormal liver histology and normal results to the leucocyte migration test was 1 of the 2 with predominantly polymorphonuclear cell infiltrates in portal areas and no disruption of the limiting plate.
Lymphocyte cytotoxicity. Lymphocyte cytotoxicity was positive in 10 out of the 13 patients with liver disease, but only in 6 out of the 29 children without evidence of liver disease (X2 = 12; P = < 0 001, Fig. 2 ). When the 5 children in whom liver biopsies were carried out are considered, the same 4 in whom inhibition in the leucocyte migration test was found also showed a positive cytotoxicity, the fifth was negative.
By adding 1 jig purified LSP to the microtest wells in 10 cases with positive results the cytotoxicity was greatly reduced (P < 0 01; Wilcoxon Rank test, Fig. 3 ). In 7 cases the value in the presence of LSP fell to within normal range, but there were 3 patients in whom no effect could be detected. again observed in every case when the non-T-cells were added to the hepatocytes, while negative results were consistenly observed using the preparation enriched in T-lymphocytes (Fig. 4) .
Subpopulations of T-and non-T-lymphocytes
There was good agreement between the results obtained with the leucocyte migration test and lymphocyte cytotoxicity to isolated rabbit hepatocytes. Of 12 cases with significantly increased cytotoxicity, 10 (83 %) showed significant inhibition of leucocyte migration, while this was present in only 4 (40%) of the 10 cases with normal results in the cytotoxicity assay (x2 = 4 4; P > 0 05).
Discussion
In the present study, using in vitro inhibition of leucocyte migration in the presence of LSP and cytotoxicity of lymphocytes for isolated rabbit hepatocytes, we were able to show a clear correlation between immune reactions against liver antigens and liver disease in children with CF, particularly in those with altered liver histology. Furthermore, the results obtained with lymphocyte subpopulations in the cytotoxicity assay indicated that the effector cells are non-T-lymphocytes, since they bear receptors for complement. The 
